The working hypothesis started from the premise of the benefits of the electromagnetic field therapy (EMFT) benefits in order to densify the periodontal bone tissues. The objective of this study was to quantify the results of using this therapy with the Electronic Doctor Stem Generator (EDSG) in the densification of affected alveolar bone tissues by clinical and radiological examinations. The study was performed on 30 patients, who benefited from adjuvant therapy in the electromagnetic field (EMF) with the EDSG device after performing the specific dental treatments. We applied these very low-frequency EMF bioactivation treatment delivered by EDSG device, 30 daily exposures for a 2-hour interval. The results proved the appreciable reduction of teeth mobility, the reduction of periodontal pockets depth and the bone regeneration in the regions exposed to the EMF produced by EDSG device. EMF adjuvant therapy with EDSG device is an innovative, atraumatic and non-invasive therapy.
The (EMF) is the assembly of the electric and magnetic fields, which oscillate and generate each other when the electric current passes through a conductor [1] . In medicine, electromagnetic field therapy (EMFT) was implemented by Robert Becker, who used external electromagnetic fields to induce bone growth by increasing the rate of biochemical reactions, cell division and healing acceleration [2] . The effects of EMFTs on human health are presented in figure 1 .
The electric generator and the coil system, approved with the CE mark in class 2a, generate an electromagnetic field. The duration of the emission and the electromagnetic characteristics of this device are controlled by a custom software embedded in the extraoral component of the device, which also includes the number of sessions and operating time settings. The coil system is placed and immobilized on a personalized thermoformed mouthguard for each patient, and is partially lined with silicone material [4] . The applicator acts on the entire dental arch.
The working hypothesis started from the premise of the benefits of the EMFT benefits in order to densify the periodontal bone tissues.
The objective of this study was to quantify the results of using this therapy with the EDSG in the densification of affected alveolar bone tissues by clinical and radiological examinations.
Experimental part Material and methods
The study was approved by the Ethics Commission of the University of Medicine and Pharmacy of Tirgu Mures. All patients enrolled in the study agreed to the treatment plan and signed the informed consent form for participation in the research.
In order to perform the study, 30 patients, 14 women and 16 men, aged 36-60 years old (mean age 48 years, ± 12 years), who benefited from adjuvant therapy in the electromagnetic field with the electronic device EDSG after performing specific dental treatments.
The patients selected for study were divided into two groups: -The first group of patients / group I received adjuvant therapy with EDSG (15 patients, 7 women and 8 men); -Group II / control -patients who did not perform EMF therapy (15 patients, 7 women and 8 men).
Chart 1 shows the distribution of patients by gender and by age in the two studied groups.
Inclusion criteria in this study: -patients aged 30-60 years old, with I and II degree of dental mobility and / or gingival retraction / bone resorption, affecting the root furcation;
-patients requiring complex oral rehabilitation, including prosthetic restorations. Exclusion criteria in this study: -patients with atypical gingival proliferation, tongue and soft tissue hyperplasia, benign intraoral tumours, metastases / surgeries, or with a history of oncology;
-pregnant patients; -people with pacemakers or other devices that control body functions.
The clinical protocol applied to all patients included in the study of the effects of EMF adjuvant therapy with the EDSG was:
-Specialized consultation and x-rays; -Diagnosis of general health status, oral cavity and periodontal tissues, dental and periodontal status, determination of Oral Hygiene Index = OHI;
-Establishment of the treatment plan, signing of the informed consent;
-Patient training on artificial hygiene procedures, carrying out professional hygiene;
-Performing specific interventions of dentistr y, according to the established treatment plan and the existing conditions;
-Applying a very low-frequency EMF bioactivation treatment delivered by EDSG device, 30 daily exposures for a 2-hour interval (the patients participating in this study were practically trained on how to apply the mouthguard on the dental arches, how to clean the tray, how to connect and use the device, and details referring to the number of exposure sessions.
-Clinical evaluation on the 30th day after the last use of the EDSG device, or whenever necessary; -Patient monitoring was performed by 3 periodic control recalls, with a frequency of 2 months. Figure 3 shows the appearance of the EDSG device, ready for use.
scaling and hygiene, insisted on the need for proper oral hygiene by the patient. We indicated the use of OPG, but due to the deficient bone loss, we also indicated maxillary and mandibular CBCT. When examining the CBCT sections, the existence of profound marginal periodontitis at the level of all jaw and mandibular arches was revealed. In figure 4 the OPG of the upper arch is presented at the beginning of treatment.
Dental treatment was performed according to the above protocol and consisted in the extraction of irrecoverable periodontal teeth, scaling/root planning and devitalisation of the remaining teeth, and later, the preparation of the abutment teeth for two bridges of zirconium (because zirconium has a specific low weight) covered with ceramic layer. We did not include molars 1.7, 2.8, 3.7 in the fixed restorations because of their mobility (grade II to III), but we also wanted to observe the effects of EMF on these molars. The restorations were inserted onto the dental arches after completion of EMF therapy, but prior to the next CBCT examination. EMC therapy was performed according to protocol, for 30 days for 2 hours for each dental arch, after the completion of dental treatments. In figure 5 is presented a section of the final CBCT in the maxillary arch, performed 30 days after the completion of EMF therapy. 
Results and discussions
Of the patients treated according to the clinical protocol described above, we present a case.
Patient M.E. aged 54, came to the office for dental treatments in June 2016. The anamnesis revealed that the patient lost her upper frontal teeth due to pathological mobility. At the clinical examination, we found increased bone resorption with generalized dental plaque, extended pathological mobility in all teeth of dental arches, and occlusal interferences. The patient denied the existence of any chronic disease. We have carried out professional Sections of the right maxillary hemiarch CBCT can be seen below: figure6 shows the initial CBCT that was performed at the patient presentation, and in fig. 7 final CBCT after completion of dental treatment and 30 days after completion of EMC therapy.
In figure 8 the clinical images at the presentation of the patient ( fig. 8A ) and 30 days after completion of CEM therapy are shown ( fig. 8B) .
Two months after the start of treatment, the results of intraoral and radiological examinations (by comparison of pre-treatment and post-treatment radiographs) were evaluated and shown that dental mobility and the depth of periodontal pockets were reduced and that bone density in the regions exposed to EMF was increased in all patients who consistently followed the indicated dental treatment and adjuvant therapy.
The comparative results between the two groups surveyed can be seen in table 1.
At the end of the study, comparing the values obtained in table I, in the four clinical assessments performed (first at patient presentation and three after completion of treatment, at 2 months, 4 months and 6 months) in both groups studied, we found the following: -The OHI index decreased significantly in both studied groups:
-at patient presentation, the OHI grade 3 index was 13.33% in both groups of patients and decreased to 0% at the last clinical examination in both patient groups;
-at the patients' presentation, none of them had the OHI grade 0 score in both groups of patients and the number of patients with this index increased to 66.66% at the last clinical examination in the EMF group of patients and 60% in the patients the control group; -Dental mobility: We found that dental mobility was reduced in both groups; we mention that although initially the degree of dental mobility was the same in both groups of patients (grade I and II in percent were 46.66%) and that the final values showed the reduction of this dental mobility in both groups of patients, however , in group I / EMF, the degree of dental mobility decreased more than in group II / control, and only teeth without pathological mobility and grade I mobility grade I were present in the EMF group). In chart 2, the values of dental mobility in the two groups of patients can be compared, at presentation and in the three monitoring sessions. -Depth of periodontal pockets: was significantly reduced in both patient groups, but in group / EMF this reduction was more pronounced than in group II / control. At the end of this study, 46.66% of patients had no longer pockets in the EMF group and 33.33% in the control group, although at the first presentation all patients included in the study had In conformity with the results of study, EDSG device allows for the realization, application and maintenance of the regenerative electromagnetic field in the area of affected tissues included in the treatment.
In scientific literature, magnetic fields are used both in basic science and clinical research. They are often used to treat pain and neuro-inflammation disorders thanks to their influence on cellular responses [5] .
An electromagnetic field of a certain frequency can trigger autoregeneration response in the application areas by attracting a large number of autologous undifferentiated mesenchymal cells. The proliferation of these cells in the periodontal tissues makes it possible to regenerate the bone and gum tissues, having a beneficial effect in the initial reduction and subsequently the suppression of dental mobility, gingival retraction and gingival bleeding. The research carried out by Albulescu et al. [6] , which tested the use of the electromagnetic field with controlled frequency and intensity with the Electronic Doctor Stem Generator on keratinocyte cells in gingival tissue, showed a strong positive variation in cell proliferation, the maximum observed effect being 75% after 4 days exposure to fieldgenerated electromagnetic field. In this research, it is underlined that the application of low intensity and low frequency CEMs to stem cell proliferation and the differentiation in phenotypes of adipocytes and osteocytes has a beneficial and potential effect in regenerative medicine.
The results of Ventura et al [7] , demonstrated the potential use of magnetic fields for modifying the gene program of cardiac differentiation cells, without the aid of gene transfer technologies and may pave the way for novel approaches in tissue engineering and cell therapy. Zhao and Zhan [8] studied the electric fields generated by synchronized oscillations of microtubules, centrosomes and chromosomes and concluded that to characterize intracellular electric fields and to study their cellular functions further, biophysicists should develop more detailed mathematical and physical models for chromosome electric fields. After the results of Caramitu et al [9] , the field of 5V/cm & 50Hz stimulates the growth of Aspergillus niger, inhibits completely those of Trichoderma viride and Aspergillus flavus. Bors et al [10] , founded that the presence of the disturbing electric field of 50 Hz -6 Vrms/cm, intensifies the microbiological activity, especially of Aspergillus niger, which inhibits the development of other species -including Trichoderma viride. The researches of Bunoiu et al [11] , underlined that dispersing magnetic nano-microparticles in liquid polymers followed by polymerization in a mixture with a suitable catalyst, with or without a magnetic field, one obtains magnetorheological elastomers with various applications. According to the literature, electromagnetic therapy has a beneficial influence on wound healing and significantly shortens the stages of the healing process, with numerous clinical trials emphasizing the benefits of this therapy [12, 13] . The reports by Cohen et al. [14] , Gurbuz and coworkers [15] , Rajaei et al. [16] and Supino et al. [17] have shown that electromagnetic field therapy does not produce genotoxic effects. Hey et al. [18] investigated the effect of Schwann cells combined with the pulsating electromagnetic field on peripheral nerve regeneration and found that retrograded marked axons and neurons increased in all treatment groups which improved peripheral nerve regeneration. According to Volponi et al. [19] , dental tissue has a very limited reconstruction response, unlike stem cells in the dental pulp that are more likely to be a source of cells that facilitate regeneration, as are the stem cells of the periodontal ligament and rising roots that play more dynamic roles. The results of in vitro study effectuated by Collodel et al [20] suggested that radioelectric asymmetric conveyer technology can influence the regenerative tissue optimization treatment, which may represent a new and promising approach for the management of osteoarthritis. New discoveries in physics, biology, epigenetics, neuroscience, and psychology may foster scientists, who have so far provided a fragmented picture of the living world, to develop new paradigms capable to unify the various disciplines [21] .
Conclusions
The occurrence of bone densification in therapy with EDSG device, observed by comparing the initial and final radiographs in all patients which consistently followed all indications, is considered to be the key beneficial element that ensures good stability of the therapeutic outcome.
EMF adjuvant therapy with EDSG device is an innovative, atraumatic and non-invasive therapy.
EMF therapy is a new therapy in dental medicine, which has not yet fully demonstrated its beneficial potential.
EMF utilisation for regenerative medicine offers new therapeutic possibilities in dentistry.
